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[57] ABSTRACT 

A method of preparing a polyimide foam which in- 
cludes the steps of: preparing, foaming, and curing a 
precursor containing at least one alkyl ester of 3, 3 '4,4'- 
benzophenonetetracarboxylic acid; a meta- or para-sub- 
stituted aromatic diamine; a heterocyclic diamine; an 
aliphatic diamine; and a solid blowing agent. The blow- 
ing agent is added to said precursor in a concentration 
which is sufficient to effect at least one of the following 
attributes of the foam: cell size, proportion of open ceils, 
cell density, and indentation load deflection. 
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diamines and which, in comparison with the previously 
disclosed foams of that character identified above, may 
have: a larger cell size, a lower density, a lower ILD 
value(determined with an Instron Universal Test Ma- 
chine in accord with ASTM D-1564), and a more open 5 
cellular structure. 

Another important and primary object of the present 
invention resides in the provision of methods for pro- 
ducing or developing polyimide foams of the type and 
with the attributes identified in the preceding object. 10 

Still another important and primary object of the 
invention is the provision of methods in accord with the 
preceding object which have the capability of control- 
ling the previously identified attributes of the foam. 

Other important objects and additional features and 15 
advantages of the invention will become apparent from 
the foregoing, the appended claims, and the ensuing 
more detailed description and discussion of the inven- 
tion. 

Solid blowing agents which can be used in the prac- 20 
tice of the present invention include: Celogen TSH, 
Celogen OT, Celogen AZ 130, Celogen RA, Celogen 
HT 500, Celogen HT 550, sodium bicarbonate, benzene 
sulfonyl hydrazide, sodium borate, boric acid, benzoic 
acid, and Expandex 5 PT. The chemical compositions 25 
of the blowing agents identified by trade name above 
follow. 


Blowing 

Agent 

Chemical 

Composition 

Celogen TSH 

toluene sulfonyl hydrazide 

Celogen OT 

p,p'-oxybis(benzene sulfonyl 
hydrazide) 

Celogen AZ 130 

azodicarbonamide 

Celogen RA 

p-toluenesulfonyl semicarbazide 

Celogen HT 500 

a modified hydrazine derivative 

Celogen HT 550 

hydrazol dicarboxylate 

Expandex 5 PT 

5-phenyltetrazole 


Celogen HT 550, sodium bicarbonate, and Expandex 40 
5 PT produce foams which are flexible and have a more 
open cellular structure than those produced under the 
same process conditions without the blowing agent. 
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a heterocyclic diamine/acid ester ratio of 0.3 have also 
successfully been employed. 

From 0.05 to 0.3 mole of aliphatic diamine per 1.0 
mole of 3,3'4,4'-benzophenonetetracarboxylic acid es- 
ter(s) can be employed, and from 0.1 to 0.3 mole of 
heterocyclic diamine per mole of ester constituent can 
be used. 

Exemplary of the aromatic and heterocyclic diamines 
that can be employed in the just described terpolyi- 
mides are: 

2,6-diaminopyridine 

3. 5- diaminopyridine 
3,3'-diaminodiphenyl sulfone 
4,4'-diaminodiphenyl sulfone 
4,4'-diaminodiphenyl sulfide 
3,3'-diaminodiphenyl ether 
4,4'-diaminodiphenyl ether 
meta-phenylene diamine 
para-phenylene diamine 
p,p' -methylene dianiline 

2.6- diamino toluene 
2,4-diamino toluene 

Many other aromatic and heterocyclic diamines have 
been described in the open and patent literature dealing 
with the making of polyimides— see, for example, U.S. 
Pat. Nos. 3, 179,614 issued Apr. 20, 1965, to Edwards; 
3,575,891 issued Apr. 20, 1971, to LeBlanc et al; and 
3,629,180 issued Dec. 21, 1971, to Yoda et al. Aromatic 
and heterocyclic diamines selected from those listed in 
the literature can also be utilized in terpolyimides of the 
character described above. 

Aliphatic diamines having from three to 12 carbon 
atoms have been employed in the terpolyimides. How- 
ever, diamines having no more than six carbon atoms 
will typically prove preferable. Also, aliphatic diamines 
with even numbered chains are preferred. 

Aliphatic diamines we have used include: 

1.3- diaminopropane 

1 .4- diaminobutane 

1 .6- diaminohexane 
1,8-diaminooctane 

1 , 1 2-diaminododecane 


It is pointed out to the reader that ail of the composi- and Jeffamine 230. The latter is available from the Jef- 
tions identified above are known blowing agents. How- 45 f erson Chemical Company and has the formula: 
ever, it has not heretofore been known that such blow- 


ing agents could be employed to make polyimides from 
precursors of the type described above at all, let alone 
that such foams would have the desirable attributes that 
they have been found to possess. 50 

Variations in the concentration of the blowing agent 
can be used to obtain to achieve specific densities and 
ILD values. Concentrations of up to 10 percent based 
on the weight of the polymeric precursor have been 
successfully employed. A concentration of 2.5 weight 55 
percent has been selected as standard for flexible resil- 
ient foams. 

The terpolymers of the present invention are derived 
from precursors which, in their preferred forms, are 
essentially equimolar mixtures of a lower alkyl half ester 60 
of 3,3'4,4'-benzophenonetetracarboxyIic acid or a mix- 
ture of such esters and three primary diamines. One of 
the diamines is a heterocyclic diamine, the second is an 
aromatic meta- or para-substituted diamine which is 
free of aliphatic moieties and the third is an aliphatic 65 
diamine. A ratio of 0.4 to 0.6 mole of heterocyclic di- 
amine per mole of 3,3',4,4'-benzophenonetetracarboxy- 
lic acid ester is preferred. However, precursors having 



where x is approximately 2.6. 

The precursors of the polyimides with which we are 
concerned are prepared by first reacting 3,3',4,4'-benzo- 
phenonetetracarboxylic acid (or, preferably, its dianhy- 
dride) with an esterification agent to form an alkyl dies- 
ter or half ester. Exemplary esterification agents are 
methyl, ethyl, propyl, and isopropyl alcohols. Methanol 
is in many cases preferred because of its widespread 
availability, low cost, and other attributes and because 
its use facilitates conversion of the precursor to a poly- 
imide. Ethanol is also a preferred esterification agent. 

The esterification reaction is followed by the addition 
of the diamines, which are dissolved in the reaction 
mixture. The temperature is kept below the reflux tem- 
perature of the esterification agent during dissolution of 
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the diamines and low enough to avoid polymerization 
of the diamines and ester. 

Next, the blowing agent is mixed with the essentially 
non-polymeric, polyimide precursor existing after the 
diamines have been dissolved in the reaction mixture. 5 

Graphite, glass, and other fibers as well as other fill- 
ers such as glass microballoons and additives such as 
cross-linking agents can be added to the resulting com- 
position to impart wanted properties to the final prod- 
uct. A surfactant can also be added to increase fatigue 10 
resistance and to make the foam more flexible and resil- 
ient by increasing its bubble stability and the uniformity 
of the cellular structure. 

One preferred surfactant is FS-B, a nonionic, fluori- 
nated, polyalkylene copolymer manufactured by E. I. 15 
DuPont de Nemours and Company. 

Other surfactants that have been successfully em- 
ployed are FS-C, AS-2, and X-3, nonionic surfactants of 
the same general chemical composition as FS-B and 
manufactured by the same company and L-530, L-5410, 20 
L-5430, which are silicone surfactants manufactured by 
Union Carbide Company. We employ from 0.015 to 1.5 
percent of surfactant based on the weight of the ester 
and diamine constituents. 

The material existing after dissolution of the diamines 25 
and the addition of the blowing agent (and any other 
additives) may range in form from a “liquid resin” to a 
spreadable, paste-like formulation depending upon the 
nature and quantity of any fillers added to the resin. The 
material may be used in the form just described; or it 30 
can be transformed into an amorphous powder capable 
of being converted into a flexible, resilient foam. Al- 
though not essential, it is preferred that spray drying be 
employed for this purpose because the liquid resin can 
thereby be transformed on a continuous basis and in one 35 
step into a dry powder. Also, spray drying allows for 
modification of the precursor in ways which can be 
used to vary the properties of the final product. 

One suitable spray drying process is described in U.S. 
Pat. No. 4,296,208 issued Oct. 20, 1981, to Gagliani et al. 40 
In general that process involves the atomization of the 
feedstock followed by entrainment of the droplets thus 
formed in a swirling annulus of heated air (or other gas). 
This produces almost instantaneous drying of the drop- 
lets. Optimum results are typically obtained by employ- 45 
ing spray dryer chamber gas inlet temperatures in the 
range of 100°-110° C. and by so regulating the flow of 
material through the dryer as to limit the chamber out- 
let temperature of the gas to 80° C. 

The precursor, whether or not it is first dried, is 50 
heated to develop a cellular physical structure and a 
polyimide chemical structure. 

Thermal heating may be employed for these pur- 
poses. Temperatures of 230° to 315° (446° to 600° F.) for 
periods of 15 to 30 minutes have proven capable of 55 
foaming and curing the precursor. Another regime that 
has proven satisfactory involves heating the formula- 
tion first at a temperature of 104° C. to 163° C. (220° to 
325° F.) for 15 to 20 minutes to develop the foam and 
then at a temperature of 288° to 315° C. (550° to 600° F.) 60 
for 30 to 60 minutes to cure it. 

Alternatively, the foaming and curing of the precur- 
sor, or those steps and the drying step, can be accom- 
plished by microwave heating. 

Foaming-curing parameters that have proven satis- 65 
factory in converting representative precursors to the 
corresponding polyimide foams are two to twelve min- 
utes exposure to high frequency radiation in an oven 
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operating at a frequency of 915 to 2450 mHz, at a 3.75 
to 15 kW power output, and at a power output to pre- 
cursor weight ratio of 0.6 to 1 kW/kg. 

Drying can be carried out as an earlier stage in the 
same oven using a power output of 1.25 to 2.5 kW, also 
for 2 to 12 minutes. 

Steady application of the microwave energy is not 
required, and pulsed or cyclic exposure of the precursor 
to the microwave energy may even produce superior 
results. Typically, the duration of the microwave en- 
ergy pulses and of the intervals therebetween will be on 
the order of 60 and 20 seconds, respectively. 

Also, conductive fillers can often advantageously be 
incorporated in the precursor to promote its conversion 
to a polyimide by generating additional thermal energy. 
From 5 to 20 weight percent of activated carbon or 
graphite can be employed for that purpose. 

Similarly, an optimum product can in many, if not 
most, cases be obtained by heating the substrate or mold 
on or in which the precursor is foamed to a temperature 
of from 121. T to 148.9° (250° to 300° F.) before the 
precursor is exposed to microwave energy. 

In addition, the microwave heating step or steps can 
often be followed to advantage by a thermal postcure of 
the polyimide. This is accomplished by heating the 
product of the microwave heating step in a circulating 
air oven at a temperature of 500° to 550° F. for 30 to 200 
minutes. 

The microwave technique for heating the precursor 
requires that a substrate or mold material which is com- 
patible with the microwave radiation be employed. If a 
mold technique is used, the material must also have 
sufficient flexural strength to withstand the pressure of 
the expanding foam. Substrate and mold materials that 
have been found suitable include Ridout Plastics Com- 
pany (wholesaler) polypropylenes lined with a Teflon- 
coated glass (Taconic 7278); Pyroceram (a Corning 
Glass Works crystalline ceramic made from glass by 
controlled nucleation); and glass filled polyimides. 
Other materials possessing the necessary attributes dis- 
cussed above can also be employed. 

The invention may be embodied in other specific 
forms without departing from the spirit or essential 
characteristics thereof. The present embodiments are 
therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being 
indicated by the appended claims rather than by the 
foregoing description; and all changes which come 
within the meaning and range of equivalency of the 
claims are therefore intended to be embranced therein. 

What is claimed and desired to be secured by U.S. 
Letters Patent is: 

1. A method of preparing a polyimide foam which 
includes the steps of: preparing, foaming, and curing a 
solvent-free precursor consisting essentially of at least 
one alkyl ester of 3,3'4,4'-benzophenonetetracarboxylic 
acid; a meta- or para-substituted aromatic diamine; a 
heterocyclic diamine; an aliphatic diamine; and a solid 
blowing agent, said blowing agent being present in said 
precursor in a concentration which is sufficient to affect 
at least one of the following attributes of the foam: cell 
size, proportion of open cells, cell density, and identa- 
tion load deflection. 

2. A method of preparing a polyimide foam as defined 
in claim 1 wherein the 3,3'4,4'-benzophenonetetracar- 
boxylic acid ester and the diamine constituents are pres- 
ent in said diamine, ester solution in amounts such that 
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the imide forming functionalities are substantially equi- 
molar. 

3. A method of preparing a polyimide foam as defined 

in claim 1 wherein the heterocyclic and aromatic di- 5 
amines are selected from the group consisting of: 

2,6-diaminopyridine 

3.5- diaminopyridine 
3,3'-diaminodiphenyl sulfone 
4,4'-diaminodiphenyl sulfone 
4,4'-diaminodiphenyl sulfide 

3,3'-diaminodiphenyl ether 15 

4,4'-diaminodiphenyl ether 

meta-phenylene diamine 

para-phenylene diamine 

p,p'-methylene dianiline 

2.6- diamino toluene 
2,4-diamino toluene. 

4. A method of preparing a polyimide foam as defined 2 s 
in claim 1 in which the diamine, ester solution contains 
from 0.05 to 0.3 mole of aliphatic diamine and from 0.1 

to 0.3 mole of heterocyclic diamine per mole of 3,3'4,4'- 
benzophenonetetracarboxylic acid ester. 30 

5. A method of preparing a polyimide foam as defined 
in claim 1 wherein the aliphatic diamine, in the diamine 
ester solution has from three to twelve carbon atoms. 

6. A method of preparing a polyimide foam as defined 
in claim 1 wherein the aliphatic diamine in the diamine, 
ester solution has the formula 

40 


H H 

I I 


ch 3 h 

where the x is on the order of 2.6. 

7. A method of preparing a polyimide foam as defined 
in claim 1 wherein said solid blowing agent is present in 
said precursor in a concentration of not more than ten 
percent based on the weight of the precursor. 

8. A method of preparing a polyimide foam as defined 
in claim 7 wherein said blowing agent is present in said 
precursor in a concentration of about 2.5 percent based 
on the weight of the precursor. 

9. A method of preparing a polyimide foam as defined 
in claim 1 wherein the solid blowing agent is one of the 
following: 

toluene sulfonyl hydrazide 

p,p'-oxybis(benzenesulfonyl hydrazide) 

azodicarbonamide 

p-toluenesulfonyl semicarbazide 

hydrazole dicarboxylate 

sodium bicarbonate 

benzene sulfonyl hydrazide 

sodium borate 

boric acid 

benzoic acid. 

10. A method of preparing a polyimide foam as de- 
fined in claim 5 wherein the aliphatic diamine is selected 
from the group consisting of: 

1 .3- diaminopropane; 

1 .4- diaminobutane 

1 ,6-diaminohexane 
1 ,8-diaminooctane 

1 , 1 2-diaminododecane. 

* * * * * 
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